Background: Organic fluorophore contains well-defined D-π-A (Donor-π system-Acceptor) push-pull system have wide application in the field of NLO, OLED and high tech application. Electron donor diphenyl, triphenyl and carbazole conjugated with electron acceptor terminal through π-system were reported recently for high-tech applications. N,N-Dialkyl substituted 1,3,5-triazine also acts as donor keeping this idea in mind we developed D-π-A styryl dyes. Results: Novel "Y"-shaped acceptor-π-donor-π-acceptor type of compounds were synthesized from 4,4'-((6-(4-(diethylamino)phenyl)-1,3,5-triazine-2,4diyl)bis(oxy)) dibenzaldehyde (DIPOD) as electron donors and different active methylene compounds as electron acceptors by conventional Knoevenagel condensation reaction. Their photophysical and thermal properties were investigated.
Background
Organic fluorescent heterocyclic chromophores have a wide range of applications in molecular probes [1] , fluorescent markers [2] , organic light-emitting diodes (OLED) [3] , photovoltaic cells [4] and in traditional textile and polymer fields [5] . Electron donors like triphenylamine [6] , diphenylamine [7] 1,3,5-triazines [8] and carbazoles [9] with high electron mobility, thermal and photochemical stability are commonly used as holetransporting materials or light-emitting materials for balanced charge injection for above mentioned application.
N,N-Dialkyl substituted 1,3,5-triazine fluorescent styryl derivatives have not been exploited much in the past, but attract increasing interest as they exhibit better solubility in common organic solvents, excellent thermal and electron donating ability of N,N-alkyl groups. The presence of electron donating N,N-dialkyl group increases the electron flow towards the electron acceptor moieties present in the molecules. From the viewpoint of molecular design, structural features such as the long π conjugation style, molecular planarity and length of the conjugated bridge play important roles in functional chromophores, which are highly promising for electronic applications like photonic materials [10, 11] , holographic optical data storage [12] and organic photorefractive materials.
4-(4,6-Dichloro-1,3,5-triazin-2-yl)-N,N-diethylaniline is structurally similar to 4,4'-disubstituted diphenylamine and 3,6-disubstituted carbazoles with planar structure. The 4-(4,6-dichloro-1,3,5-triazin-2-yl)-N,N-diethylaniline nucleus can be easily functionalized at 4,6-positions and covalently linked to other molecular groups. A typical push-pull chromophore consists of a polar A-π-D system with a planar π-system end-capped by a strong electron donor (D) and a strong electron acceptor (A). The π-conjugated system ensuring intramolecular charge transfer (ICT) between the donor (D = N,N-dialkyl group) and the acceptor (A = -CN, -COOEt group etc.) is the most common of conjugated double or triple bonds in aromatic and heteroaromatic rings as well as their combinations [13, 14] .
There has always been an effort to design and synthesize novel and well-defined organic push-pull system with prospective applications as chromophores for nonlinear optics (NLO), electronic and photonic devices, organic light-emitting diodes (OLED) and functional polymers [15] . In this paper, synthesis of fluorescent styryl dyes, their structure elucidation and the photophysical and thermal properties are reported.
Results and Discussion

Synthesis and Characterization of compounds
The six novel fluorescent triazine based styryl compounds were prepared Figure 1 by classical Knoevenagel condensation of 4,4'-((6-(4-(diethylamino) phenyl)-1,3,5-triazine-2,4 diyl) bis (oxy)) dibenzaldehyde 5 with active methylene compounds 6a-6f as shown in Scheme 1. In the first step, the 4-(4,6-dichloro-1,3,5-triazin-2-yl)-N,N-diethylaniline (3) was synthesized from cyanuric chloride 1 and N,N-diethyl aniline 2. Finally aldehyde 5 and suitable active methylene compound 6a-6f were stirred in absolute ethanol containing a catalytic amount of piperidine to yield desired styryl triazines 7a-7f. The structures of the compounds were confirmed by FT-IR, 1 H NMR, 13 C NMR, and Mass spectral analysis. The 1 H NMR spectra of compounds 5 showed singlet peak at δ 10.04 which indicates the confirmation of compounds 5 and singlet δ 7.76 to 8.46 in 7a-7f which indicates the ethylenic protons at styryl group.
Photo-physical properties
The UV-Vis absorption and emission spectra of styryl derivatives (7a-7f) were recorded in acetonitrile at room temperature and the compound concentration is 1 × 10 To evaluate the effect of solvent polarity on absorptionemission properties of synthesized compounds. Absorption, emission properties of compound 7a-7f were studied in different solvents of varying polarity and hydrogen bonding capability as shown in Table 1 . Six solvents are tested for effect of solvent on their absorptionemission characteristics. The absorption-emission spectrums of 7a-7f are not affected much by a change in polarity and hydrogen bonding capacity of the solvent.
These compounds with A-π-D structure consist of an electron-donating N,N-diethyl group on triazine moiety and electron withdrawing cyano or carboethoxy group. The results showed that these compounds do not show strong solvatochromic and solvatofluoric properties. The introduction of electron accepting groups in the triazine moiety causes intramolecular charge transfer and mesomeric dipole moment. Depending upon the electron affinity of acceptor groups, the CT band was slightly shifted in DMF with decrease Stoke's shift as shown in Table 1 . The absorption and emission spectra of dye 7a-7f in several solvents having different polarities are shown in Figures 4 and 5. Compound 7a and 7b shows dual absorption in dichloromethane and ethanol, while compound 7d shows red shift in dichloromethane and 7e shows red shift in acetone and ethanol. The negative solvatochromism observed in 7d indicates that there is no charge transfer character in the molecule after excitation; therefore presence of nitro group does not lower the energy of the excited state by solvation. In the case of 7e presence of benzothiazolyl ring gives a charge transfer characteristic to the system and thus exhibits positive solvatochromism.
An effective fluorescent dyes for biological application should have good fluorescence intensity, high quantum yield and high photostability. Quantum yield of compounds 7a-7f were determined by using anthracene as standard. Absorption and emission characteristics of standard as well as unknown samples were measured at different concentration of unknown samples and standard at (2, 4, 6, 8 and 10 ppm level). Graphs were plotted absorbance intensity values against emission intensity values. A linear plot was obtained. Gradients were calculated for each unknown compound and for standards. All the measurements were done by keeping the parameters constant such as solvent and slit width. Relative quantum yield of all synthesized compounds 7a-7f were calculated by using Formula 1 [16] .
Formula 1: Relative fluorescence quantum yield
Where: Φ X = Quantum yield of unknown sample Φ ST = Quantum yield of standard used Grad X = Gradient of unknown sample Grad X = Gradient of standard used η 2 ST = Refractive index of solvent for standard sample η 2 X = Refractive index of solvent for sample The fluorescence quantum yields of 7a-7f were recorded in ethanol at room temperature. It was observed that the quantum yield of 7d and 7e in ethanol (0.0039 for 7a, 0.0026 for 7b, 0.0082 for 7c, 0.0689 for 7d, 0.0291 for 7e and 0.0034 for 7f) are higher than 7a-7c and 7f in the same solvent. The details are given in the Table 2 . Quantum yield results summarized in Table 2 indicate that, compounds 7d and 7e show high quantum efficiency as compared to compound 7a, 7b, 7c and 7f. This difference in quantum efficiency is may be due to conjugation through aromatic system as well as strong hydrogen bonding between nitro of 7d and ethanol, and thiazole of 7e and ethanol.
Thermal Properties
In order to examine the thermal stability of these compounds 7a -7f thermo gravimetric (TG) and differential 
scanning colorimeter (DSC) analysis were carried out between 40-600°C under a nitrogen atmosphere. The TG curves of the compounds are shown in Figure 6 . The TG results indicates that the frame work of the synthesized compounds are stable up to 300°C. Above 250°C the thermo gravimetric curves of the synthesized compounds show a loss in weight. The comparisons of the T d (decomposition temperature) showed that the thermal stability of 7a-7f decreases in the order 7c > 7a > 7f > 7b > 7d > 7e. Thermal stability graph as shown in Figure 6 . Compound 7a is thermally more stable, it does not decompose completely upto 600°C (65% stable up to temperature 600°C). Compounds 7a and 7b are 40% stable up to temperature 600°C. Compounds 7c, 7e and 7f decompose almost completely beyond temperature 600°C. 7d and 7e starts decomposing at 120°C but after 300°C its decomposition behavior is same like 7a, 7b, 7c and 7f.
Experimental
Materials and equipments
All commercial reagents and solvents were procured from s. d. fine chemicals (India) and were used without purification. The reaction was monitored by TLC using on 0.25 mm E-Merck silica gel 60 F 254 precoated plates, which were visualized with UV light. Melting points were measured on standard melting point apparatus from Sunder industrial product Mumbai, and are uncorrected. The FT-IR spectra were recorded on Perkins-Elmer 257 spectrometer using KBr discs. 1 H-NMR and 13 C NMR spectra were recorded on VARIAN 400-MHz instrument (USA) using TMS as an internal standard. Mass spectra were recorded on Finnigan mass spectrometer. The visible absorption spectra of the compounds were recorded on a Spectronic Genesys 2 UV-Visible spectrometer. Simultaneous DSC-TGA measurements were performed out on SDT Q 600 v8.2 Build 100 model of TA instruments Waters (India) Pvt. Ltd.
Synthesis and characterization
Synthesis of 4-(4,6-dichloro-1,3,5-triazin-2-yl)N,Ndiethylaniline 3
A mixture of N,N-diethylaniline 1 (27.0 g, 0.2 mol) and cyanuric chloride 2 (18.4 g, 0.1 mol) was heated at 70°C for 8 h under a slow stream of dry nitrogen. After completion of reaction monitored by TLC, the mixture was extracted with hot chloroform (200 mL) and the white crystalline hydrochloride salt of N,N-diethylaniline removed by filtration. Slow cooling and evaporation of the chloroform extract to a volume of 50 mL yielded good crystals of 3. The product was recrystallized two times from acetone.
Yield (4-(N,N-diethylamino) phenyl)-1,3,5-triazine-2,4-diyl)bis(oxy))bis(4,1-phenylene) bis(2-cyanoacrylate) 7b.
4,4'-((6-(4-(N,N-Diethylamino) phenyl)-1,3,5-triazine-2,4 diyl) bis (oxy)) dibenzaldehyde 5 (1.0 g, 0.0023 mol) and ethylcyanoacetate (0.59 g, 0.0052 mol) were dissolved in absolute ethanol (10 mL). Piperidine (0.1 mL) was added to it and the reaction mixture was stirred at room temperature for 5 h filtered the reaction mass to separate out product and recrystallized product from ethanol.
Yield 0052 mol) were dissolved in absolute ethanol (10 mL). Piperidine (0.1 mL) was added to it and the reaction mixture was stirred at room temperature for 6 h filtered the reaction mass to separate out product and recrystallized product from ethanol.
Yield: (1.10 g, 76%), m. 0052 mol) were dissolved in absolute ethanol (10 mL). Piperidine (0.1 mL) was added to it and the reaction mixture was stirred at room temperature for 8 h, filtered the reaction mass to separate out product and recrystallized product from ethanol.
Yield 0052 mol) were dissolved in absolute ethanol (10 mL). Piperidine (0.1 mL) was added to it and the reaction mixture was stirred at room temperature for 5 h, filtered the reaction mass to separate out product and recrystallized product from ethanol.
Yield Mass: m/e = 781.9 (M + 1), 782.9 (M + 2). 2,2'-(2E, 2E')-((6-(4-(N,N-Diethylamino) phenyl)-1,3,5-triazine-2,4-diyl)bis(oxy)) bis(4,1-phenylene)) bis(1-phenyl prop-2-en-3-yl-1-ylidene))dimalononitrile 7f.
4,4'-((6-(4-(N,N-Diethylamino) phenyl)-1,3,5-triazine-2,4 diyl) bis (oxy)) dibenzaldehyde 5 (1.0 g, 0.0023 mol) and 2-(2-phenylprop-1-en-1-ylidene) malononitrile (0.87 g, 0.0052 mol) were dissolved in absolute ethanol (10 mL). Piperidine (0.1 mL) was added to it and the reaction mixture was stirred at room temperature for 5 h, filtered the reaction mass to separate out product and recrystallized product from ethanol.
Yield: (1.38 g, 74%) , m. Mass: m/e = 769.9 (M + 1).
Conclusion
In summary, we have developed an efficient and simple protocol for the synthesis of fluorescent chromophores containing triazine core moiety and electron withdrawing cyano/carboethoxy groups. The synthesized compounds were confirmed by FT-IR, 1 H NMR, 13 C NMR and Mass spectral analysis. From the emissive properties, it was concluded that the electronic coupling between donor and acceptor was sufficient to allow charge transfer in their molecules. Emission properties of synthesized compounds are sensitive towards the solvent polarity; it shows positive solvatochromism with increase in solvent polarity.
